it began with the formulation of the wave theory of light. Louis Ducos du Hauron had either demonstrated or mapped out, by the end of the last century, the many paths by which the goal of natural colour photography might be reached. His realization of the broad fundamentals was unique at the time. Roentgen discovered X-rays in 1895, and these radiations were immediately applied in medicine. Unfortunately, so far as radiography and colour photography were concerned, the two were never associated. Colour radiography has recently been described in a preliminary report by Donovan (1951); this, as far as we are aware, was the first article on the subject in the literature. THEORY The electromagnetic spectrum covers over sixty or more octaves and extends from radio waves to cosmic rays. The visible portion constitutes about one octave and has wavelengths ranging from the red end of the spectrum (7,500 A) to the extreme violet end (about 3,200 A); visible light is only a very small window in the electromagnetic spectrum. The boundary wavelengths of diagnostic X-rays range from about 0-414 A to 0l138 A. The wavelength of visible light determines its colour, and, in the case of X-rays, is the property akin to colour. The kilovoltage of the X-ray tube governs its spectral emission which is not monochromatic but rather a spectral band. The penetrative power of the X-ray beam depends on the wavelength, density of the part and the atomic numbers of the atoms composing the part. The orthodox radiograph is a shadow picture in various shades of grey, and the detail that can be seen is dependent upon the degree of transparency or opacity ofthe part being radiographed at the particular kilovoltage. Different detail is shown by using different kilovoltages (wavelengths) on the X-ray tube.
INTRODUCrION
Dr. G. E. Donovan: The great advance in photography was the introduction of colour; it began with the formulation of the wave theory of light. Louis Ducos du Hauron had either demonstrated or mapped out, by the end of the last century, the many paths by which the goal of natural colour photography might be reached. His realization of the broad fundamentals was unique at the time. Roentgen discovered X-rays in 1895, and these radiations were immediately applied in medicine. Unfortunately, so far as radiography and colour photography were concerned, the two were never associated. Colour radiography has recently been described in a preliminary report by Donovan (1951) ; this, as far as we are aware, was the first article on the subject in the literature. THEORY The electromagnetic spectrum covers over sixty or more octaves and extends from radio waves to cosmic rays. The visible portion constitutes about one octave and has wavelengths ranging from the red end of the spectrum (7,500 A) to the extreme violet end (about 3,200 A); visible light is only a very small window in the electromagnetic spectrum. The boundary wavelengths of diagnostic X-rays range from about 0-414 A to 0l138 A. The wavelength of visible light determines its colour, and, in the case of X-rays, is the property akin to colour. The kilovoltage of the X-ray tube governs its spectral emission which is not monochromatic but rather a spectral band. The penetrative power of the X-ray beam depends on the wavelength, density of the part and the atomic numbers of the atoms composing the part. The orthodox radiograph is a shadow picture in various shades of grey, and the detail that can be seen is dependent upon the degree of transparency or opacity ofthe part being radiographed at the particular kilovoltage. Different detail is shown by using different kilovoltages (wavelengths) on the X-ray tube.
Colour photography is based on the trichromatic theory which is not strictly correct but yields in practice very good results. Monochromatic filters are not generally used but red, green and blue filters which cover a wide spectral band of red, green and blue respectively and have a slight overlap. Clerk Maxwell's mixture experiment can be performed nearly as well by using wide-band three-colour filters which between them transmit the whole of the visible spectrum as with three monochromatic lights. In copying colour transparencies and in colour radiography narrow-cut tricolour filters are usually employed. Satisfactory results are obtained in colour radiography by using two radiographs and two colours. It is not necessary to produce pseudo-natural colour effects but rather to choose colours which bring out a particular effect or lesion.
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The process involves the use of X-ray radiations and produces images in which colour is used to differentiate structure. The part is radiographed with X-rays of two or more kilovoltages (wavelengths) selected to give the desired contrast. The two or more images are then each tagged in a visible colour such as red, green, and blue, for a set of three X-ray pictures and are combined by optical superimposition or other means.
METHODS
Optical projection method.-The low kilovoltage radiograph can be projected in red on to a viewing screen, the medium kilovoltage radiograph can be projected in green and the high kilovoltage radiograph can be projected in blue. They are projected in such a way as to produce optical superimposition, thus causing a coloured radiograph in combined colours to appear on the screen. Such a method is probably the best.
Chromoscopic method.-The chromoscopic method is satisfactory for the immediate synthesis of a colour radiograph from the component black and white radiographs. The chromoscope is a viewing box which uses partially transmitting mirrors and colour filters. The partially transmitting mirrors perform the function of superimposing the images of the colour separation negatives. One successful system derived directly from the Clerk Maxwell colour-mixing experiment is the Kromskop which is a development of the chromoscope. It is necessary to describe this in a little detail as we are using it for demonstration purposes in this lecture. A set of black and white transparencies are prepared from the low kilovoltage radiograph, medium kilovoltage radiograph and high kilovoltage radiograph. They are then inserted into the viewer which contains filters and reflectors so that the light passing through each is of the correct colour and the three images superimposed. On looking into the viewer a coloured radiograph is seen. Unwanted reflection from the under surfaces of the two diagonal reflecting glasses is prevented by their colour, which in each case absorbs the coloured light not reflected from its top surface. These optical apparatus can be built large enough to use full-sized radiographs. The chromoscope and Kromskop can be designed in several forms, but the most striking is a stereoscopic model. [The Kromskop being demonstrated is a stereoscopic one.] The advantage of these optical instruments is that they enable one to produce in a relatively short time a coloured radiograph. The coloured images produced by these optical methods can be permanently photographed on colour film such as Kodachrome, Agfacolor, Dufaycolor, &c.
Trichrome carbro method.-The trichrome carbro process can be used to make a composite colour radiograph in the form of a colour print on paper. The X-ray pictures taken at the various kilovoltages can be treated as colour separation negatives in this process. This photographic method is well known, and need not be described here. It may be interesting to note that.the first colour composite radiograph, made by Donovan, used a modification of this method.
Colour X-ray transparencies.-For the purpose of this lecture the coloured radiographs were made in the form of 35 mm. coloured transparencies as they can be optically projected through a standard 35 mm. projector. The method used was to photograph serially and in register the two or more radiographs taken at the various kilovoltages through appropriate colour filters on to the same photographic colour film. It is to be noted that the two or more exposures for a set of radiographs were all made on to the one frame of the colour film and that there was no movemenlt of the camera during the photographing.
The actual film used was Dufaycolor. Its advantage was that it was readily available and could be processed immediately by oneself.
Dufaycolor is a screen process in which a reseau or ruled screen of filters in primary colours lies in front of an ordinary emulsion. The emulsion is finally developed black and white and in conjunction with the millions of tiny filters produces a coloured image when examined in transmitted light. Its great disadvantage is that the resolution of the film is very much less than that of Kodachrome; the reseau is also apparent on enlargement.
Films such as Kodachrome, Agfacolor, &c., could be used and would give a more pleasing effect due to greater resolution and absence of reseau. Kodachrome and Agfacolor are dyedevelopment processes, and each has three emulsions coated over each other. One emulsion is sensitive to blue, another to green, and a third to red. During processing these emulsions have dyed images formed in them, and the silver is then removed from the emulsion completely. There is virtually no grain at all, and the screen picture can thus be any convenient size. DISCUSSION There are many other methods of doing colour radiography but they are essentially the same in principle. Details are in existence of at least four hundred different processes of colour photography, but most of them may roughly be divided into additive and subtractive methods; the Dufaycolor is an example of an additive and the Kodachrome of a subtractive method.
Standardization of colour radiography is desirable, but it should not be done at this early stage. Experiment and usage will provide the data to bring this about. Premature standardization would retard progress.
Colour pattern and colour contrast can be accentuated or diminished by light contrast. For example, with adjacent areas of blue and red, the visual impression will be much more striking if the red is in light and the blue in shadow, than if the converse is the case. A pseudostereoscopic effect can be obtained by the careful choice of colours. Allied to real stereoscopy this colour effect should produce very good results. One is not limited to primary colours, a colour other than a primary may be used, for instance, yellow by exposing in red and green.
The coloured radiograph can be in the form of a positive or a negative. Experience will ultimately fix the better process.
CONCLUSIONS
Coloured radiography is now in its infancy. It does not supplant but rather complements the orthodox method. Its main importance is that it opens up a new pathway. No one can tell at the present time what it may ultimately become, it depends on the climate of opinion and developments in allied fields.
A coloured radiograph presents in one picture the information of two or more radiographs in a form naturally attractive to the eye. If two or more orthodox radiographs are superimposed the detail of each radiograph tends to be blotted out by the others; this does not apply to a coloured radiograph which has rather the opposite result. The total effect is something more than that of the component radiographs. This method shows not only variations in density, but of colour; the variations in colour may ultimately prove the more important.
Colour radiography will be valuable in studying not only the outline but also the internal details of the soft tissues. When three orthodox radiographs of the soft tissues of a limb are taken at 30, 32, and 34 kV., there is a recognizable difference in the details they bring out and this difference will be more marked, due to the colour variations, in a colour radiograph made from them. It should be easier to recognize on a colour radiograph of a pathological lesion for instance the type of tumour presenting.
It was stated by one of us (Donovan, 1951) that colour stereoradiography, colour fluoroscopy, colour stereofluoroscopy, colour cineradiography, and colour stereocineradiography, are all possibilities. They are not only possible but practicable. [Dr. Donovan demonstrated colour stereoradiography at the end of the lecture.] There are no insurmountable difficulties in producing colour fluoroscopy, colour stereofluoroscopy, colour cineradiography and colour stereocineradiography. As a matter of interest it may be noted that three-dimensional cinematography, which is achieved by projecting through polaroid filters of two complementary images, representing the left and right eye, are now being demonstrated in the Festival of Britain Exhibition. The audience are supplied with specially designed glasses for the viewing of these pictures. Such a technique or a modification of it could be adapted for colour stereocineradiography. Development of the ideas incorporated in Weigelmann's apparatus for stereofluoroscopy, electronic devices to increase the brightness of the fluoroscopic image and colour television systems should make colour stereofluoroscopy a reality.
Colour radiography should be valuable in many fields such as clinical radiography and microradiography. It should stimulate research.
It is desirable that research workers in this new field should have a first-class knowledge of physics, especially of electronics, as applied to medicine. This is only the beginning, "and where the vanguard camps to-day the rear shall rest to-morrow".
The lecture was illustrated with a film strip and a demonstration of colour radiographs and three-dimensional colour radiographs. REFERENCE DONOVAN, G. E. (1951) Radiography in colour, Lancet (i), 832.
